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(54) FLOW CONTROL VALVE AND SPHYGMOMANOMETER 



(57) The frame case (2) has a gas inflow port (1a) 
and a gas outflow port (lb). The actuating shaft (4) is 
arranged such that it can move toward and away from 
the Inflow port (la), and an orifice packing (3) attached 
to an end of the actuating shaft opens/closes the inflow 
port (la). Two permanent magnets (5a, 5b) are attached 
to the actuating shaft (4) which have their same poles 
confronting each other with a yoke (22a) Interposed 
therebetween. Three magnet colls (6a, 6b, 6c) are ar- 
ranged outside the permanent magnets (5a, 5b), with 
their winding directions alternately opposite to each oth- 
er. When a current is passed through the magnet coils 
(6a, 6b. 6c), electromagnetic forces generated by the 
respective magnet coils (6a, 6b, 6c) and the respective 
permanent magnets (5a, 5b) are combined, and the 
combined thmst causes the actuating shaft (4) to move 
to the left In the drawing, so that the orifice packing (3) 
closes the Inflow port (la). With such a configuration, a 
flow control valve effectively utilizing the thrust by the 
electromagnetic force despite a simple structure, which 
Is compact and consumes less power and suffers less 
malfunction, is provided. 
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Description 

Teclinical Field 

[0001] The present Invention relates to a flow control 
valve for use as air exhaust means of a blood pressure 
gauge, for example, and a blood pressure gauge pro- 
vided with the relevant flow control valve. 

Bacl<ground Art 

[0002] Among a variety of blood pressure gauges 
having been proposed, one is configured to increase the 
pressure within the cuff to a predetermined ievei and 
then gradually decrease the pressure, during which the 
blood pressure of the subject is measured. A flow control 
valve for use in such a blood pressure gauge to gradu- 
ally decrease the pressure within the cuff is disclosed, 
e.g., in Japanese Patent Laying-Open No. 6-47008 ti- 
tled "Flow Control Valve". The flow control valve de- 
scribed therein includes a front case with a pressure in- 
flow port, (gas inflow port) and a pressure outflow port 
(gas outflow port) formed therein. A driving shaft is sup- 
ported such that it can move toward and away from the 
gas inflow port, and an orifice packing is attached to a 
portion of the driving shaft opposite to the gas inflow 
port. A magnet coil is further attached to the driving 
shaft, and a plate and a yoke excited by a permanent 
magnet are arranged around the magnet coil. The front 
and back portions of the driving shaft are connected to 
a frame portion via front and back dampers, respective- 
ly. 

[0003] With this flow control valve, when current is 
passed through the magnet coil, the driving shaft moves 
together with the magnet coil by an electromagnetic 
force generated by the permanent magnet and the mag- 
net coil, and the orifice packing closes the gas inflow 
port. This kind of control valve is called a "moving coil 
type", since the magnet coil moves. 
[0004] The flow control valve of this type, however, is 
disadvantage in that it has many complex parts and re- 
quires manpower for assembly, hindering the use of an 
auto-assembly machine. This increases the parts cost 
and degrades the productivity. 

[0005] To solve such problems, the applicant con- 
ceived a flow control valve as shown in. Fig. 15A (sche- 
matic cross sectional view) and Fig. 1 5B (left side view), 
and filed an earlier application (Japanese Patent Appli- 
cation No. 2000-31920). The flow control valve dis- 
closed therein is of a moving magnet type with a perma- 
nent magnet made to move. 

[0006] Intheflowcontrol valveshown in Figs. 15Aand 
15B, a housing is fomned of a front cap 2, a front case 
8 and a frame lid 10. The housing has a gas Inflow port 
1a with an inner tube 1 of a nozzle form opening within, 
and a gas outflow port 1 b communicating with gas inflow 
port 1a via an internal space. An actuating shaft 4 is ar- 
ranged within the housing such that it can move toward 



and away from inflow port 1 a. An orifice packing 3 Is 
attached to an end 4a of actuating shaft 4 opposite to 
inflow port la so that the movement of actuating shaft 
4 opens and closes inflow port 1 a. A permanent magnet 

5 5 is provided to press actuating shaft 4. Permanent mag- 
net 5 Is movably passed through a hollow portion of a 
bobbin 7 provided with a magnet coil 6. Magnet coil 6 is 
connected to an external temninal 11 . Actuating shaft 4 
is configured to move leftward in Fig . 1 5A by an electro- 

10 magnetic force generated by pemnanent magnet 5 and 
magnet coil 6. 

[0007] Further, actuating shaft 4 is connected to front 
cap 2 via a damper 9. Damper 9 biases the shaft 4 to 
the right direction of Fig. 1 5A. The end surface of orifice 
15 packing 3 and the opening surface of inflow port 1 a are 
both flat. The end surface of orifice packing 3 Is made 
diagonal (non-parallel) to the opening surface of inflow 
port 1a, at an angle of, e.g., 3°. The hollow portion of 
bobbin 7 has a wall serving as a stopper of pemnanent 
20 magnet 5, and an air vent 7b is formed to allow smooth 
movement of pemnanent magnet 5. 
[0008] A case where the flow control valve configured 
as described above is utilized for measurement of blood 
pressure is now described by way of example. The 
25 schematic configuration of the blood pressure gauge is 
shown in Fig. 13, and the relevant flow control valve is 
used as a gradual exhaust valve 36 in Fig. 13. Firstly, a 
cun-ent of a predetermined level Is passed through mag- 
net coil 6 to generate an electromagnetic force by the 
30 interaction with permanent magnet 5. This electromag- 
netic force causes permanent magnet 5 to move to the 
left, thereby pressing actuating shaft 4. Corresponding- . 
ly, orifice packing 3 at the end 4a of the actuating shaft 
is pressed to contact inflow port 1 a, so that inner tube 1 
35 attains a completely blocked state. 

[0009] Next, under the blocked state, a pump is acti- 
vated to introduce air into a cuff for pressurization. This 
is followed by a cuff depressurizing process, during 
which a current supplied to magnet coil 6 is gradually 
40 decreased to progressively reduce a thrust by the elec- 
tromagnetic force. Accordingly, orifice packing 3 moves 
to the right direction by means of the spring action of 
damper 9 and the slant repulsive action of orifice pack- 
ing 3. This gradually opens inflow port la, and the air 
45 within the cuff is exhausted very slowly into the atmos- 
phere.from inflow port 1 a via outflow port 1b The blood 
pressure of the subject is measured during this process. 
[001 0] As described above, with the flow control valve 
shown in Figs. 15A and 158, the thrust by the electro- 
50 magnetic force generated at magnet coil 6 is used to 
shut inflow port 1a, and the repulsive forces of damper 
9 and of orifice packing 3 itself are used to open inflow 
port 1 a. The thrust by the electromagnetic force and the 
repulsion forces are transmitted to orifice packing 3 via 
55 permanent magnet 5 and actuating shaft 4. The struc- 
ture shown in Figs. 15A and 158, however, is disadvan- 
tageous in that it cannot effectively utilize the thrust by 
the electromagnetic force generated by magnet coll 6. 
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The flow control valve requiring large valve load (press- 
ing force of orifice packing 3 against inflow port la) 
would Increase in size and require huge electric power. 
[0011] In other words, with the flow control valve 
shown in Figs. 15A and 15B, the force to press orifice s 
packing 3 against inflow port 1a is not so strong. Such 
a weak pressing force is insufficient for a blood pressure 
gauge applied to the arm which receives greater pres- 
sure than a blood pressure gauge applied to the wrist, 
possibly resulting in insufficient blocking of inflow port io 
la when pressurizing the cuff to a level greater than 
maximum blood pressure. If it is attempted to increase 
the pressing force to avoid this unfavorable situation, 
the flow control valve would become large, and the con- 
sumed power would increase accordingly. is 
[0012] Further, with the flow control valve shown in 
Figs. 15A and 15B, brittle permanent magnet 5 would 
often get chipped due to shock of drop or the like, re- 
sulting in poor controllability of the flow rate. 

20 

Disclosure of the Invention 

[001 3] The present invention has been made focusing 
on the conventional problems as described above, its 
object is to provide a flow control valve which fully de- 25 
rives and effectively utilizes a thrust by an electromag- 
netic force despite a simple structure, and which is com- 
pact and consumes less power and suffers less mal- 
function. 

[0014] To achieve the above object, the inventors in- 30 
vestigated the documents of the past and aimed at an 
electromagnetic apparatus described in German Patent 
No. 1808900 (filed November 14, 1968) among them. 
The electromagnetic apparatus described in the rele- 
vant German Patent has the following structure. A coil 35 
formed of three winding wires has a hollow at the center 
of which a core formed of two permanent magnets is 
arranged coaxially as welt as movably in the axial direc- 
tion. The winding direction of the winding wires at the 
both ends is opposite to the winding direction of the 
winding wire at the center, and the permanent magnets 
are arranged with their magnetic poles directed in the 
opposite directions (such that the same poles confront 
each other). 

[001 5] Taking notice of the large thrust of the core ob- 
tained by this electromagnetic apparatus, and in an at- 
tempt to adapt it to the flow control valve for use in a 
blood pressure gauge or the like, the inventors of the 
present invention carried on the investigation with a con- 
tinuous process of try and error and finally completed so 
the present invention. 

[0016] Specifically, the flow control valve of the 
present Invention includes: 

a housing having a gas inflow port and a gas outflow ss 
port communicating with the gas inflow port through 
an internal space; a moving member arranged in- 
side the housing such that it can move toward and 



away from said gas inflow port; an open/close mem- 
ber arranged on a portion of the moving member 
opposite to the gas inflow port such that the move- 
ment of the moving member opens/closes said gas 
inflow port; and a magnetic coil and a permanent 
magnet arranged within the housing to move the 
moving member. The moving member is made to 
move with an electromagnetic force generated by 
said magnet coil and said permanent magnet such 
that the gas inflow port is opened/closed by the 
open/close member to control an air flow rate. The 
flow control valve is characterized in that at least 
one of either one of said magnet coil and said per- 
manent magnet and a plurality of the other are used , 
and, in the case where a plurality of permanent 
magnets are used, the permanent magnets are ar- 
ranged such that the same poles confront each oth- 
er, and in the case where a plurality of magnet coils 
are used, winding directions of the respective mag- 
net coils are set to change the directions In which 
current flows through the respective magnetic coils 
such that the moving member receives a combined 
force of the electromagnetic forces generated by 
the respective magnet coils and the at least one per- 
nianent magnet in a direction along which the mov- 
ing member moves, so that the electromagnetic 
forces generated by the respective magnet coils 
and the at least one permanent magnet are com- 
bined to be used as a thrust of the moving member. 

[0017] This flow control valve uses at least one of ei- 
ther one of the magnet coil and the permanent magnet, 
and a plurality of the other of the magnet coil and the 
permanent magnet. Possible combinations are, as will 
be described in conjunction with embodiments of the 
present invention later, a combination of two permanent 
magnets and three magnet coils (see Figs. lAand IB), 
a combination of one pennanent magnet and two mag- 
net coils (see Figs. 9A and 9B), a combination of four 
permanent magnets and five magnet coils (see Figs. 
10A and 10B), and a combination of two permanent 
magnets and one magnet coil (see Figs. 11 A and 11B). 
However, any other combinations are possible. 
[0018] When a plurality of permanent magnets are be- 
ing used, they are anranged such that the repelling, 
same poles (N poles or S poles) confront each other. 
When a plurality of magnet coils are being used, the 
winding directions of the respective magnet coils are set 
such that the moving member receives a combined 
force of the electromagnetic forces generated by the re- 
spective magnet coils and the at least one permanent 
magnet in a direction along which it moves. More spe- 
cifically, In the case where a plurality of magnet coils are 
being axially anranged in series, when the winding di- 
rection of an arbitrary magnet coil is in a right direction, 
the winding direction of the neighboring magnet coil is 
set to a left direction. That is, the winding directions are 
made alternately opposite to each other such that the 
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current flows in the opposite directions through the 
neighboring magnet coils, 

[001 9] Since the electro nnagnetic forces generated by 
respective permanent magnets and respective magnet 
coils can be combined to actuate the moving member, 
the thrust to move the moving member increases con- 
siderably compared to the conventional case where only 
one permanent magnet and one magnet coil are used, 
and the open/close member attached to the moving 
member can press the gas inflow port with a remarkably 
strong force. As a result, the thrust of the moving mem- 
ber can be increased with the structure of the conven- 
tional size, or the structure can be downsized when the 
thrust of the conventional level will suffice. Accordingly, 
a flow control valve which can fully derive and effectively 
utilize a thrust by an electromagnetic force in spite of a 
simple structure, and which is compact and consumes 
less power and suffers less malfunction, is provided. 
[0020] In the flow control valve of the present inven- 
tion, if a plurality of pemnanent magnets are being used, 
the same poles of the magnets are made to face each 
other. When the same poles are arranged next to each 
other, the permanent magnets repel each other, making 
the assembly extremely difficult. However, when a yoke 
made of a magnetic substance is arranged between the 
permanent magnets, the respective magnets attract the 
yoke, so that the repelling force is almost nullified. This 
leads to simplification of the assembly and effective uti- 
lization of the magnetic forces of the pennanent mag- 
nets. Even if one pemnanent magnet is being used, the 
yoke is preferably arranged on one side (e.g., N pole 
side) of the magnet, since the yoke has a function to 
efficiently collect magnetic flux of the magnet coil. Use 
of the yoke allows effective utilization of the magnetic 
force. 

[0021] In the case where a yoke is being arranged be- 
tween pemnanent magnets, it is preferable that the yoke 
has end surfaces that protrude outward from the oppos- 
ing surfaces of the permanent magnets. If the end sur- 
faces of the yoke have the same size as the opposing 
surfaces of the permanent magnets, it would be more 
or less affected by the repelling action of the same poles 
of the pemnanent magnets. The end surfaces of the yoke 
projecting outward from the opposing surfaces of the 
permanent magnets further facilitate the arrangement 
of the pennanent magnets with the same poles facing 
each other. 

[0022] The permanent magnets and the yoke may be 
arranged in series and attached to the moving member 
such that they move together with the moving member. 
In this case, the permanent magnets and the yoke move 
together with the moving member as the moving mem- 
ber moves by the thrust by the electromagnetic force. 
[0023] Although the shapes of the magnet coil and the 
permanent magnet are unspecified, one possible way 
is to form the moving member in a cylindrical shape and 
the magnet coil and the pennanent magnet each in a 
ring shape. If the ring-shaped permanent magnet Is at- 



tached to the outer circumferential surface of the cylin- 
drical moving member, and the ring-shaped magnet coil 
is arranged outside the permanent magnet, then the 
moving member, the magnet coil and the permanent 

5 magnet will be placed concentrically. This facilitates the 
assembly of the three parts of moving member, magnet- 
ic coil and pennanent magnet, and also allows more ef- 
ficient utilization of the electromagnetic force, and the 
thrust of the moving member can be derived to the fullest 

10 extent. 

[0024] The moving member moves by the electro- 
magnetic force generated by the magnet coil and the 
permanent magnet. It moves frontward until the open/ 
close member abuts the inflow port, and moves back- 

is ward until the moving member contacts, e.g., a stopper 
provided to the housing. If the permanent magnet is in- 
tegrally attached to the moving member, the permanent 
magnet will experience a strong impact when the mov- 
ing member comes to a halt or the housing is dropped, 

20 and may get chipped or break because of its brittleness. 
Thus, elastic bodies are preferably arranged opposite 
to outer end surfaces of the permanent magnets located 
at both outer ends of the permanent magnets arranged 
in series. The elastic bodies will absoriD the impact, 

25 thereby avoiding chipping or the like of the pennanent 
magnets. 

[0025] Although the elastic bodies having flat end sur- 
faces can be used, the elastic bodies themselves and 
the parts placed between the elastic bodies practically 

30 vary in dimension, which may cause gaps (making the 
parts unstable) even if the elastic bodies are employed, 
hindering effective shock absorption. To avoid such a 
problem, readily deformable projection (s) may be pro- 
vided on one or both end surfaces of each elastic body. 

35 The extent of protrusion of the projections is preferably 
set greater than total dimensional variation of the elastic 
bodies themselves and the parts placed between the 
elastic bodies. In this case, the projections will be de- 
formed to prevent the parts from jouncing as long as the 

40 parts dimension is within the range of variation. The pro- 
jections may be arranged continuously or distributed 
over the end surface(s) as long as the pressure gener- 
ated upon deformation is distributed in balance. In either 
case, ail that is needed is to absorb the dimensional var- 

45 lation of the elastto bodies and the parts placed there- 
between by the deformation of the projections. 
[0026] The moving member moving by the electro- 
magnetic force preferably exhibits good response to 
current application to the magnet coil. That is; the mov- 

so ing member is- made to rapidly move upon application 
of the current to the magnet coil to cause the open/close 
member to block the gas inflow port immediately. To this 
end, a fixed shaft may be provided which guides the 
moving member to move only in directions to open and 

55 close the gas inflow port. With this configuration, the 
moving member lineariy moves along the fixed shaft to- 
wards and away from the gas inflow port, with wasteful 
movement and jouncing being eliminated. When ap^ 
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plied to a blood pressure gauge, minute and continuous 
control of the exhaust flow rate becomes possible, with 
excellent operative reproducibility. 
[0027] As the fixed shaft, any shaft completely unaf- 
fected or hardly affected by the penmanent magnet(s) 
may be utilized, which may be made of, e.g., nonmag- 
netic metal, resin or glass. Since the fixed shaft is only 
required to movably support the moving member, it may 
have a cross section of any shape such as a perfect cir- 
cle, ellipse, polygon or the like. Further, the number of 
the fixed shafts is not limited to one. Two or more fixed 
shafts may be used to support the moving member. 
[0028] However, by making the moving member hol- 
low and passing the fixed shaft through the hollow por- 
tion of the moving member, the moving member and the 
fixed shaft can be arranged efficiently without wasting a 
space. In this case, the fixed shaft can guide the moving 
member over a substantial portion thereof, and the 
structure is also simplified. The moving member and the 
fixed shaft may be secured to each other in any manner, 
e.g., by insert molding of the parts other than the moving 
member into a resin portion, by fixing with a retaining 
ring (e.g., E-ring, clip retaining ring), or with a screw. 
[0029] Further, by fomning the fixed shaft integrally 
with the magnet coil, in the case where the moving mem- 
ber, magnet coil and permanent magnet are arranged 
to form rings in cross section as described above, the 
four parts including the fixed shaft can be arranged ef- 
f iciently.v Of course, this configuration allows effective 
utilization of the electromagnetic force. 
[0030] ~On the other hand, when the fixed shaft Is be- 
ing passed'through the hollow portion of the moving 
member, the moving member is preferably provided with 
an air vent which communicates the hollow portion of 
the moving member with the Internal space of the hous- 
ing, because of the following reasons. When the moving 
member moves to a direction exposing the fixed shaft 
(i.e., when it moves toward the gas Inflow port), the hol- 
low portion of the moving member is almost blocked by 
the fixed shaft. Negative pressure is thus produced in 
the hollow portion, which acts as counterforce against 
the movement of the moving member. On the contrary, 
when the moving member moves to a direction receiving 
the fixed shaft (i.e., when it moves away from the gas 
Inflow port), the air within the hollow portion of the mov- 
ing member is compressed by the fixed shaft, so that 
counterforce against the movement of the moving mem- 
ber is again produced. 

[0031] Thus, the air vent is provided to the moving 
member, which ensures smooth movement of the mov- 
ing member in the absence of air resistance, since the 
air within the hollow portion is unaffected by expansion, 
compression or other phenomena. 
[0032] As described above, the flow control valve of 
the present invention fully derives and effectively utilizes 
the thrust by the electromagnetic force in spite of its sim- 
ple structure, and is compact and consumes less power 
and suffers less malfunction. This flow control valve is 
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optimally applied as air exhaust means of a blood pres- 
sure gauge, for example. 

Brief Description of the Drawings 

[0033] 

Figs. 1A and 1B are a schematic cross sectional 
view and a left side view, respectively, of a flow con- 
trol valve according to an embodiment of the 
present invention. 

Figs. 2A and 28 are a top plan view and a partially 

cutaway view, respectively, of an actuating shaft of 

the relevant flow control valve. 

Figs. 3A and 38 illustrate arrangement of pemna- 

nent magnets and a yoke In the relevant flow control 

valve. 

Fig. 4A shows distribution of magnetic flux when 
two permanent magnets are arranged with the 
same poles confronting each other. Fig. 48 shows 
distribution of magnetic flux when a yoke is ar- 
ranged between the permanent magnets, and Fig, 
4C shows distribution of magnetic flux%hen the 
pemnanent magnets support the yoke by*s*andwich- 
ing it therebetween. 

Figs. 5A, 5B and 5C show various forms of elastic 
bodies in the relevant flow control valve. 
Fig. 6A shows a thrust by an electromagnetic force 
acting on the permanent magnet on the left-hand 
side and the magnet coll in the middle, Fig. 68 
shows a thrust by the electromagnetic force acting 
on the right-hand permanent magnet and the mid- 
dle magnet coil, and Fig. 6C shows a thrust by the 
electromagnetic force acting on the left-hand per- 
manent magnet and the left-hand magnet coil in the 
relevant flow control valve. 

Fig. 7A shows a thrust by the electromagnetic force 
acting on the right-hand permanent magnet and the 
right-hand magnet coil, and Fig. 78 shows a com- 
bined thrust by the electromagnetic forces acting on 
the two permanent magnets and three magnet coils 
as a whole in the relevant flow control valve. 
Fig. 8A is a partial enlarged cross sectional view 
showing an orifice packing completely opening an 
gas inflow port, and Fig. SB is a partial enlarged 
cross sectional view showing the orifice packing 
completely blocking the gas inflow port, In the rele- 
vant flow control valve. 

Fig. 9A is a schematic cross sectional view of the 
flow control valve according to another embodiment 
of the present invention, and Fig, 98 shows a com- 
bined thrust by the electromagnetic forces acting on 
one pemnanent magnet and two magnet coils as a 
whole. 

Fig. 1 0A is a schematic cross sectional view of the 
. flow control valve according to still another embod- . 
iment of the present invention, and Fig. 1 0B shows 
a combined thrust by the electromagnetic forces 
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acting on four permanent magnets and five magnet 
colls as a whole. 

Fig. 11 A is a schematic cross sectional view of the 
flow control valve according to yet another embod- 
iment of the present invention, and Fig. 11 B shows 
a combined thrust by the electromagnetic forces 
acting on two pemrianent magnets and one magnet 
coil as a whole. 

Fig. 12 shows by means of graphs valve loads ob- 
. talned by the respective flow control valves shown 
in Figs. 1 A and IB, Figs. 9A and 9B and Figs. 11 A 
and 118, and a conventional flow control valve. 
Fig. 1 3 is a block diagram showing a schematic con- 
figuration of a blood pressure gauge provided with 
the flow contrpi valve according to an embodiment 
of the present invention. 

Fig. 14 is a timing chart illustrating an operation of 
the blood pressure gauge having the configuration 
shown in Fig. 13. 

Figs. 1 5A and 1 5B are a schematic cross sectional 
view and a left side view; respectively, of the flow 
control valve according to a conventional example. 

Best Modes for Carrying Out the Invention 

[0034] Hereinafter, the present invention will be de- 
scribed with reference to the embodiments. 
[0035] The flow control valve according to one of the 
embodiments is shown in Fig. 1 A (schematic cross sec- 
tional view) and Fig. IB (left side view), wherein the 
same elements as those in Figs. 15A and 15B are de- 
noted by the same reference characters. 
[0036] The flow control valve of the present embodi- 
ment uses two permanent magnets 5a, 5b and three 
magnet coils 6a, 6b, 6c. A frame case 2 conresponding 
to the aforementioned front cap and a rear portion of the 
bobbin 7 constitute a housing. This housing (frame case 
2) is provided with a gas inflow port la having an inner 
tube 1 of a nozzle forni opening within, and a plurality 
of (in this example, three) gas outflow ports 1 b commu- 
nicating with gas inflow port 1 a via an internal space. 
[0037] In this housing, a hollow actuating shaft (mov- 
ing member) 4 as shown in Figs. 2A, 2B is arranged 
such that it can move toward and away from inflow port 
1a. An orifice packing (open/close member) 3 is at- 
tached to an end of the actuating shaft opposite to inflow 
port 1 a so that the movement of actuating shaft 4 opens/ 
closes inflow port la. As shown in the partial enlarged 
cross sectional views of Figs. 8 A, 8B (Fig. 8A showing 
the open state and Fig. 8B showing the closed state), 
the end surface of orifice packing 3 and the opening of 
inflow port 1 a are both flat, and the end surface of orifice 
packing 3 is set diagonal (non-parallel) to the opening 
of Inflow port 1a, at an angle of, e.g., 3'». 
[0038] Referring to Figs. 2A, 2B, actuating shaft 4 has 
. an air vent 4b which communicates its hollow portion 4d 
with the internal space of the housing. A non-magnetic 
fixed shaft 12 is passed through the hollow portion 4d 



of actuating shaft 4. Fixed shaft 1 2 is fixed integrally to . 
bobbin 7. Pemrianent magnets 5a, 5b, a yoke 22a and 
elastic bodies 21 a, 21 b are secured on the outer circum- 
ference of actuating shaft 4 by means of a retaining ring 
5 24, so that actuating shaft 4 moves together with per- 
manent magnets 5a, 5b, yoke 22a and others. Actuating 
shaft 4 linearly moves along the fixed shaft 1 2. It is mov- 
able in one direction until orifice packing 3 contacts and 
completely shuts inflow port la, and in the other direc- 
10 tlon until the rear end portion of actuating shaft 4 abuts 
a stopper 7e provided at bobbin 7. 
[0039] Permanent magnets 5a, 5b are arranged next 
to each other with a yoke 22a sandwiched therebetween 
such that the same poles (here, N poles) confront each 
15 other, as shown in Figs. 3 A, 3B. More specifically, here, 
penmanent magnet 5a has the S pole on the left side 
and the N pole on the right side of Fig. 1 A, and pemria- 
nent magnet 5b has the N pole on the left side and the 
S pole on the right side. Yoke 22a located between per- 
20 manent magnets 5a, 5b is excited by the N poles of re- 
spective permanent magnets 5a, 5b. In this case, the 
both end surfaces of yoke 22a protrude outward from 
the opposing surfaces (N pole surfaces) of permanent 
magnets 5a, 5b. In other words, yoke 22a. here of a cir- 
25 cular plate shape, has an outer diameter that is set 
greater than the outer diameters of permanent magnets 
5a, 5b, here of cylindrical shapes, such that the periph- 
eral portion of yoke 22a protrudes from permanent mag- 
nets 5a, 5b. This further facilitates the placement of per- 
30 manent magnets 5a, 5b with the same poles facing each 
other, compared to the case where the pemrianent mag- 
nets and the yoke have the same diameters. 
[0040] The outer diameters of yoke 22a and perma- 
nent magnets 5a, 5b are set such that the outer diameter 
35 of the yoke becomes <t>A + 0.2 mm when the outer diam- 
eter of each pemrianent magnet is (t>A. Specifically, when 
the outer diameter <t)A of each permanent magnet Is 7.8 
mm or 8.8 mm, the outer diameter of the yoke is 8.0 mm 
or 9.0 mm, respectively. When a difference between 
40 their outer diameters is not less than + 0.2 mm, adhesion 
of the pemrianent magnets to the yoke becomes unnec- 
essary, so that the ease of assembly increases. 
[0041] In addition, by arranging pemrianent magnets 
5a, 5b next to each other with yoke 22a directly sand- 
45 wiched therebetween (Fig. 4C). the magnetic forces of 
pemrianent magnets 5a, 5b can be utilized most effec- 
tively compared to the case where pemrianent magnets 
5a, 5b are arranged simply opposite to each other (Fig. 
4A) and further to the case where yoke 22a is an-anged 
so between pennanent magnets 5a, 6b with spaces pro- 
vided therebetween (Fig. 4B). 

[0042] An elastic body 21a arranged opposite to the 
end surface of permanent magnet 5a is herein support- 
ed by actuating shaft 4 and pennanent magnet 5a as it 
55 is sandwiched therebetween. An elastic body 21b ar- 
ranged opposite to the end surface of permanent mag- 
net 5b is sandwiched between and hence supported by 
retaining ring 24 and penmanent magnet 5b. 
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[0043] Bobbin 7 is arranged around permanent mag- 
nets 5a, 5b, and is provided with three magnet coils 6a, 
6b, 6c. Here, magnet coil 6b is set slightly longer than 
the others. The winding direction of each magnet coil 
6a, 6b, 6c Is set such that actuating shaft 4 receives a 
combined force of the electromagnetic forces generated 
by respective magnet colls 6a, 6b, 6c and respective 
permanent magnets 5a, 5b In the direction along which 
the shaft moves. Specifically, the magnet coils are pro- 
videdto bobbin 7 with thelrwinding directions alternately 
opposite to each other. Here, the winding direction of 
magnet coil 6b located at the center is clockwise, while 
the winding direction of magnet coils 6a, 6c at respective 
ends is anti-clockwise. As such, current flows through 
magnet coil 6b in a direction opposite to the direction in 
which current flows through its neighboring magnet coils 
6a, 6c. Magnet coils 6a, 6b, 6c are connected to an ex- 
ternal temnlnal 11 . 

[0044] Permanent magnets 5a, 5b are arranged ap- 
proximately in symmetry with respect to a central portion 
40 of magnet coil 6b in the middle. A yoke 23 is provided 
around three magnet coils 6a, 6b, 6c so that magnet 
colls 6a, 6b, 6c, permanent magnets 5a, 5b, actuating 
shaft 4 and fixed shaft 12 are located inside the cylin- 
drical yoke 23. Further, actuating shaft 4 Is connected 
to frame. case 2 via a damper 9. The spring action of 
damper 9 urges the actuating shaft to the right in Fig, 1A. 
[0045] Although elastic bodies 21a, 21b arranged in 
contact with the respective end surfaces of permanent 
magnets 5a, 5b may have flat end surfaces, it is more 
preferable to provide readily deformable projection(s} 
on one or both end surfaces thereof, as shown in Figs. 
5A, 5B. The elastic body 21c shown in Fig. 5A has one 
ring-shaped projection 46a on one end surface. The 
elastic body 21 d shown in Fig. 58 has six projections 
46b, 46c on each end surface. The elastic body 21 e 
shoWn In Fig. 5C has four longish projections 46d on 
one end surface, and four longer and four shorter pro- 
jections 46e on the other end surface. A hole 45 is 
formed at the center of each elastic body 21c-21e 
through which actuating shaft 4 is to be passed. 
[0046] By provision of such elastic bodies 21a-21e, 
the Impact experienced when actuating shaft 4 moves 
to the left in Fig. 1A and orifice packing 3 abuts inflow 
port 1 a. the Impact when actuating shaft 4 abuts stopper 
7e of bobbin 7, and the shock when the flow control 
valve is dropped are absorbed by elastic bodies 21a- 
21 e, so that chipping, breakage or other damages of 
permanent magnets 5a, 5b can be avoided. 
[0047] In parttoular, with elastic bodies 21c*21e hav- 
ing readily defomriable projections 46a-46e, the projec- 
tions 46a-46e deform and essentially fill the gaps due 
to the dimensional variation of the elastic bodies them- 
selves and of permanent magnets 5a, 5b and yoke 22a 
placed between the elastic bodies, thereby preventing 
the parts from jouncing. 

[0048] With the flow control valve as configured 
above, fixed shaft 12 of a rod shape, actuating shaft 4 



of a cylindrical shape, and pemnanent magnets 5a, 5b, 
yoke 22a, elastic bodies 21a, 21b and magnet coils 6a, 
6b, 6c each of a ring shape are positioned concentrical- 
ly. This facilitates the assembly, and also enables more 
5 efficient utilization of the electromagnetic forces by per- 
manent magnets 5a, 5b and magnet coils 6a, 6b, 6c, so 
that the thrust of actuating shaft 4 can be derived to the 
fullest extent. Of course, fixed shaft 12 of a non-mag- 
netic body does not affect the electromagnetic forces. 

10 [0049] An operation of the flow control valve as con- 
figured above is now described with reference to Figs. 
6A-6C and Figs. 7A, 78. Firstly, external tenminal 11 
causes a current of a predetermined level to flow 
through magnet coils 6a, 6b, 6c, so that electromagnetic 

IS forces are generated by respective magnet colis 6a, 6b , 
6c and respective permanent magnets 5a, 5b, and 
thrusts 30a-30d act on permanent magnets 5a, 5b In the 
directions shown by corresponding arrows. 
[0050] Fig. 6 A shows thrust 30a that is generated with 

20 the electromagnetic force by pemnanent magnet 5a and 
magnet coil 6b. Fig. 68 shows thrust 30b generated with 
the electromagnetic force by permanent magnet 5b and 
magnet coil 6b. Fig. 6C shows thrust 30c generated with 
the electromagnetic force by pemnanent magnet 5a and 

25 magnet coil 6a. Fig. 7A shows thrust 30d generated with 
the electromagnetic force by permanent magnet 5b and 
magnet coil 6c. That is, permanent magnet 5a receives 
thrusts 30a, 30c by the electromagnetic forces acting by 
magnetic coils 6a, 6b, and permanent magnet 5b re- 

30 ceives thrusts 30b, 30d by the electromagnetic forces 
acting by magnet coils 6b, 6c. 

[0051] As shown in the respective figures, the repel- 
ling and attracting actsons of the poles between perma- 
nent magnets 5a, 5b and magnet coils 6a, 6b, 6c'are 

35 utilized to cause the thrusts to act on permanent mag- 
nets 5a, 5b both in the left direction. The respective 
thrusts 30a-30d are combined to form one large thrust 
30 (Fig. 78), so that actuating shaft 4 to which pemna- 
nent magnets 5a, 5b are attached overcomes the repul- 

40 sive force of damper 9, and aggressively moves to the 
left. This causes orifice packing 3 to abut gas inflow port 
1 a (see Fig. 8B), so that Inner tube 1 attains a completely 
blocked state. 

[0052] As such, thrust 30 acting on actuating shaft 4 
Is the combined force of the thrusts acting on respective 
permanent magnets 5a, 5b. Thus, a strong thrust can 
be obtained by the electromagnetic forces even with 
small pennanent magnets. 

[0053] After inner tube 1 has attained the blocked 
so state, the supply current to magnet coils 6a, 6b, 6c Is 
gradually decreased. In response, the electromagnetic 
force is progressively reduced, and the thrusts applied 
to pemnanent magnets 5a, 5b decrease corresponding- 
ly. Actuating shaft 4 gradually moves to the right due to 
ss the elasticity of damper 9 and the slant repulsive action 
of orifice packing 3, so that orifice packing 3 slowly 
moves away from inflow port 1 a. As a result, inflow port 
la is opened In a minute and continuous manner, and 
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finally attains a completely open state (see Fig. 8A). 
[0054] Further, actuating shaft 4 linearly moves with 
respect to inflow port 1a while being guided along fixed 
shaft 1 2. This eliminates wasteful movement or jouncing 
of actuating shaft 4 to which permanent magnets 5a, 5b, 
yoke 22a and others are attached. When applied to a 
blood pressure gauge as will be described later, it ena- 
bles minute and continuous control of exhaust flow rate, 
with excellent operative reproducibility. 
[0055] In addition, since actuating shaft 4 has air vent 
4b communicating with hollow portion 4d, the air flows 
into hollow portion 4d through air vent 4b as actuating 
shaft 4 moves leftward, so that negative pressure does 
not build up in hollow portion 4d. This prevents applica- 
tion of counterforce to actuating shaft 4. On the other 
hand, when actuating shaft 4 moves rightward, the air 
escapes from hollow portion 4d via air vent 4b, again 
preventing application of counterforce to actuating shaft 
4. Since the air in hollow portion 4d does not suffer ex- 
pansion, compression or other phenomena, actuating 
shaft 4 can move smoothly in the absence of air resist- 
ance. 

[0056] The flow control valve according to another 
embodiment of the present invention is shown in Fig. 9A 
(schematic cross sectional view) and Fig. 9B (showing 
interaction of a pennanent magnet and magnet coils). 
The same elements as in the above-described embod- 
iment are denoted by .the same reference characters, 
and description thereof is not repeated. This flow control 
valve uses one permanent magnet 5a and two magnet 
coils 6a, 6b. Here, although only one pemrianent magnet 
5a is employed, a yoke 22a is arranged on the rear end 
surface (N pole side) of permanent magnet 5a. Magnet 
coil 6b Is longer than magnet coil 6a, and permanent 
magnet 5a is located on the left side with respect to the 
central portion 40 of magnet coil 6b. 
[0057] This flow control valve enjoys the same func- 
tions and effects as described above. That is, when a 
current is passed through magnet coils 6a, 6b, perma- 
nent magnet 5a receives a thrust 30 by the electromag- 
netic forces acting on magnet coils 6a, 6b. Actuating 
shaft 4 moves to the left, so that inflow port 1 a is closed 
by orifice packing 3. 

[0058] The flow control valve according to still another 
embodiment of the present invention is shown in Fig. 
IDA (schematic cross sectional view) and Fig. 10B 
(showing interaction of permanent magnets and magnet 
coils). This flow control valve uses four pemrjanent mag- 
nets 6a, 5b. 5c, 5d and five magnet colls 6a, 6b, 6c, 6d, 
6e, and yokes 22a, 22b, 22c are arranged between re- 
spective permanent magnets 5a, 5b, 5c, 5d. Magnet 
colls 6b, 6d are longer than the other colls. Permanent 
magnet 5a is located on the left side with respect to the 
central portion 40 of magnet coll 6b. while the remaining 
permanent magnets 5b, 5c, 5d are located on the right 
side. 

[0059] With this flow control valve, again, when a cur- 
rent Is passed through magnet coils 6a, 6b, 6c, 6d, 6e, 



actuating shaft 4 moves as it receives the thrust 30 to 
the left direction caused by the electromagnetic force. 
[0060] The flow control valve according to yet another 
embodiment of the present invention Is shown in Fig. 

5 11 A (schematic cross sectional view) and Fig. 11 B 
(showing interaction of permanent magnets and a mag- 
net coil). This flow control valve uses two permanent 
magnets 5a, 5b and one magnet coil 6a. Here, both per- 
manent magnets 5a, 5b are relatively long, and corre- 

10 spondingly, magnet coil 6a is elongated. Yoke 22a is lo- 
cated exactly at the central portion 40 of magnet coil 6a, 
and permanent magnets 5a, 5b are arranged symmet- 
rically on respective sides of central portion 40. 
[0061] With this flow control valve, again, when a cur- 

15 rent Is passed through magnet coil 6a, actuating shaft 
4 moves as it receives the leftward thrust 30 by the elec- 
tromagnetic force. 

[0062] The flow control valves of the above embodi- 
ments each exert a pressing force on gas inflow port 1 a 

20 that is stronger than in the case of a conventional valve 
using one pernianent magnet and one magnet coil, as 
shown in Fig. 12. Fig. 12 shows, by graphs, valve loads 
(gf) obtained by the conventional valve having one mag- 
netic coil and one permanent magnet, obtained by the 

25 embodiment shown. in Figs. 11 A, 11 B having one mag- 
net coil and two permanent magnets, obtained by the 
embodiment shown in Figs. 9A, 9B having two magnet 
coils and one permanent magnet, and obtained by the 
embodiment shown in Figs. 1 A, 1 B having three magnet 

30 coils and two permanent magnets. The valve load rep- 
resents the force with which the central portion of orifice 
packing 3 presses gas inflow port 1a, which was meas- 
ured under the same current and the same duty ratio. It 
is apparent from the graphs that the valve loads of the 

35 embodiments of the present invention are greater than 
that of the conventional case, and that the valve load 
increases as the numbers of magnet coils and pemria- 
nent magnets increase. 

[0063] Now, a case where the flow control valve as in 

40 the above-described embodiments is adapted to a blood 
pressure gauge Is explained by way of example. Fig. 13 
is a block diagram showing a schematic configuration 
of the blood pressure gauge. The flow control valve is 
used as a gradual exhaust valve 36 In this block dia- 

45 gram. A CPU 31 carries out control of the entire blood 
pressure gauge and others. A pump driving circuit 32 
drives a pump 33 in accordance with a command of CPU 
31 . Pump 33 is driven by pump driving circuit 32 and 
supplies air to a cuff 38 via a tube 37. A pressure sensor 

50 34 detects the pressure of the air supplied to cuff 38. A 
gradual exhaust valve control circuit 35 controls gradual 
exhaust valve 36 in accordance with a command of CPU 
31 . Opening/closing of gradual exhaust valve 36 is con- 
trolled by gradual exhaust valve control circuit 35 to ad- 

55 just the air pressure within tube 37. Cuff 38 is provided 
with the air from pump 33 via tube 37. The above-de- 
scribed flow control valve as the gradual exhaust valve 
36 is connected to the airflow path system as the tube 
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37 is fitted to the outside of inner tube 1 . 

[0064] The operation of the blood pressure gauge as 
configured above Is now explained with reference to the 
timing chart shown in Fig. 14. In Fig. 14, the valve load 
shown at the bottom Indicates the force with which the 
central portion of orifice packing 3 presses gas inflow 
port 1a. The duty ratio shown in the middle is that of the 
pulse voltage applied to magnet colls 6a, 6b, 6c (see 
Fig. 1 A) via external terminal 11 . The valve action at the 
top represents the action of gradual exhaust valve 36. 
These three properties share the common horizontal ax- 
is (time axis). 

[0065] Firstly, at time TO, a power switch (S/W), not 
shown, is turned ON. Pump driving circuit 32 drives 
pump 33 in accordance with a command of CPU 31 , and 
starts air supply to cuff 38. At the same time, gradual 
exhaust valve control circuit 35 controls gradual exhaust 
valve 36 in accordance with a command of CPU 31 , and 
applies a pulse voltage with a frequency of 31.25 kHz 
and a duty ratio of 60%, for example. Application of the 
pulse voltage with the relevant frequency and duty ratio 
is continued till time T1 . Thus, orifice packing 3 In Fig. 
1 continuously blocks gas inflow port 1 a with a pressing 
force in proportion to an average level of the pulse voIt> 
age, and the valve load increases, e.g!, from about 25 
gf to aboiit SO gf over time from TO to T1 . During this 
time period, gradual exhaust valve 36 Is in a completely 
closed state ("completely closed 1" at the top of Fig. 14) 
and the air is rapidly pressure filled into cuff 38 ("rapid 
pressure filling of air 1" at the top of Fig. 14). Pump 33 
Is continuously driven till time T2. 
[0066] From time T1 , the duty ratio of the pulse volt- 
age is gradually increased such that the duty ratio be- 
comes about 90% at time T2. In response, the valve load 
gradually increases, e.g., from about 30 gf to about 45 
gf. During this time period, gradual exhaust valve 36 
keepis the completely closed state ("completely closed 
2" at the top of Fig. 14), and the air is rapidly pressure 
filled in cuff 38 ("rapid pressure filling of air 2" at the top 
of Fig. 1 4). As such, the air is pressure filled into cuff 38 
during the time period from TO to T2 ("pressure filling of 
air into cuff" at the top of Fig, 14). 
[0067] At time T2, pump 33 is stopped according to a 
command of CPU 31 . At the same time, the duty ratio 
of the pulse voltage is reduced to about 40% in a stroke, 
and thereafter, it is gradually decreased so that It be- 
comes about 1 0% at time T3. The valve load is also de- 
creased at time T2 In one stroke from about 45 gf to 
about 20 gf, for example, and It is then gradually de- 
creased from about 20 gf to about 5 gf over time from 
T2 to T3. During this time period, gradual exhaust valve 
36 is in a flow controlled state ("flow controlled range" 
at the top of Fig. 14), and the air is exhausted from cuff 

38 at a constant rate ("exhaust at constant rate" at the 
top of Fig. 14). The blood pressure is measured in this 
process ("measurement of blood pressure" at the top of 
Fig. 14). 

[0068] At time T3, the duty ratio of the pulse voltage 



is decreased to 0% in a stroke according to a command 
of CPU 31 . At this time, orifice packing 3 is completely 
disengaged from gas Inflow port la, so that gradual ex- 
haust 'valve 36 attains a completely open state, and the 
5 air is rapidly exhausted from cuff 38 ("completely open, 
rapid exhaust" at the top of Fig. 14). 
[0069] It Is needless to say that the flow control valves 
shown in the respective embodiments are only by way 
of example, and the present invention is not limited 
thereto. For example, in the flow control valves shown 
in Figs. 1A, IB, Figs. 9A, 9B, Figs. 10A, 10B and Figs. 
11 A, 11B, the permanent magnet(s) may be arranged 
oppositely in polarity and the current may be passed 
through the magnet coil(s) in the opposite directions, in 
which case exactly the same functions and effects are 
obtained. Further, although the gas inflow port la has 
been configured to open/close by means of orifice pack- 
ing 3, a tapered packing may be inserted into gas inflow 
port 1 a instead. 

[0070] As explained above, according to the flow con- 
trol vatve of the present invention, It is possible to cause 
a combination of the electromagnetic forces generated 
by respective magnet coils and respective perm^anent 
magnets to act on a moving member. Thus, compared 
to the conventional case using one permanent' magnet 
and one magnet coil, the thrust to move the moving 
member is considerably increased, and the force* with 
which an open/close member attached to the moving 
member presses the gas inflow port is increased re- 
markably. As a result, the thrust of the moving member 
can be increased with the valve of the conventional size, 
or, if the thrust of the conventional level will suffice; the 
valve can be downsized. Accordingly, a compact-flow 
control valve with a simple structure, consuming^ less 
power and suffering less malfunction, and yet futly de- 
riving and effectively utilizing the thrust by the electro- 
magnetic force, is provided. 

[0071 ] Further, a blood pressure gauge provided with 
such a flow control valve as air exhaust means is Im- 
proved In exhaust perfomnance, becomes compact and 
consumes less power. 

[0072] By provision of the fixed shaft guiding the mov- 
ing member only in directions opening/closing the gas 
inflow port, the moving member linearly moves toward 
and away from the gas inflow port along the fixed shaft, 
with wasteful movement and jouncing being eliminated. 
When applied to a blood pressure gauge, minute and 
continuous control of exhaust flow rate is enabled, with 
excellent operative reproducibility. 
[0073] Although the present invention has been de- 
scribed with reference to various embodiments, it 
should be understood that the embodiments disclosed 
herein are Illustrative and non-restrictive In every re- 
spect. The scope of the present invention is defined by 
the temis of the appended claims, and is intended to 
Include any modifications within the scope and meaning 
equivalent thereto. 
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Claims 

1. A flow control valve, comprising: a housing (2, 7) 
having a gas inflow port (1a) and a gas outflow port 
(lb) communicating with the gas inflow port (1a) 
through an Internal space; a moving member (4) ar- 
ranged inside the housing (2, 7) movably toward 
and away from said gas inflow port (la); an open/ 
close member (3) arranged on a portion of the mov- 
ing member (4) opposite to the gas inflow port (1a) 
such that the movement of the moving member (4) 
opens/closes said gas inflow port (1 a); and a mag- 
netic coil (6a, 6b, 6c) and a permanent magnet (5a, 
5b) arranged within the housing (2, 7) to move the 
moving member (4), the moving member (4) being 
made to move with an electromagnetic force gen- 
erated by said magnet coil (6a, 6b, 6c) and said per- 
manent magnet (5a, 5b) such that the gas inflow 
port (1 a) is opened/closed by the open/close mem- 
ber (3) to control an air flow rate, 

characterized in that at least one of either 
one of said magnet coll (6a, 6b, 6c) and said per- 
manent magnet (5a, 5b) and a plurality of the other 
are used, and, in the case where a plurality of said 
permanent magnets (5a, 5b) are used, the perma- 
nent magnets are arranged such that the same 
poles confront each other, and in the case where a 
plurality of said magnet coils (6a, 6b, 6c) are used, 
winding directions of the respective magnet coils 
(6a, 6b, 6c) are set to change the directions in which 
current flows through the respective magnetic coils 
(6a, 6b, 6c) such that the moving member (4) re- 
ceives a combined force of the electromagnetic 
forces generated by the respective magnet coils 
(6a, 6b, 6c) and the at least one permanent magnet 
(5a, 5b) in a direction along which the moving mem- 
ber moves, so that the electromagnetic forces gen- 
erated by the respective magnet coils (6a, 6b, 6c) 
and the at least one permanent magnet (5a, 5b) are 
combined to be used as a thrust of the moving mem- 
ber (4). 

2. The flow control valve according to claim 1 , wherein 
when a plurality of said permanent magnets (5a, 5b) 
are used, a yoke (22a) made of a magnetic sub- 
stance is placed between the permanent magnets 
(5a, 5b). 

3. The flow control valve according to claim 2, wherein 
said yoke (22a) has end surfaces protruding out- 
ward from opposing surfaces of said permanent 
magnets (5a, 5b). 

4. The flow control valve according to claim 2, wherein 
said penmanent magnets (5a, 5b) and said yoke 
(22a) are arranged and attached in series to the 
moving member (4), and move together with the 
moving member (4). 



5. The flow control valve according to claim 1 , wherein 
said moving member (4) is in a cylindrical shape 
and said magnet coil (6a, 6b, 6c) and said pemia- 
nent magnet (5a, 5b) are each in a ring shape, and 

5 the ring-shaped permanent magnet (5a, 5b) is at- 
tached to an outer circumferential surface of the cy- 
lindrical moving member (4) and the ring-shaped 
magnet coll (6a, 6b, 6c) is arranged outside the per- 
manent magnet (5a, 5b) so that the moving member 

10 (4), magnet coil (6a, 6b, 6c) and pennanent magnet 
(5a, 5b) are positioned concentrically. 

6. The flow control valve according to claim 4, wherein 
elastic bodies (21a, 21b, 21c, 21 d, 21 e) are ar- 

15 ranged opposite to outer end surfaces of the per- 
manent magnets (5a, 5b) located at both outer ends 
of said permanent magnets (5a, 5b) arranged and 
attached in series. 

20 7. The flow control valve according to claim 6, wherein 
said elastic body (21a, 21b, 21c, 21d, 21e) has a 
readily defomiable projection on one or each end 
surface thereof. 

25 8. The flow control valve according to claim 1 , wherein 
a fixed shaft (12) is provided to guide said moving 
member (4) only in directions to open/close the gas 
inflow port (la). 

30 9. The flow control valve according to claim 8, wherein 
said moving member (4) is hollow, and said fixed 
shaft (12) is passed through the hollow portion (4d) 
of the moving member (4). 

35 1 0. The flow control valve according to claim 8, wherein 
said fixed shaft (12) is formed integrally with the 
magnet coil (6a, 6b, 6c). 

11. The flow control valve according to claim 9, wherein 
40 said moving member (4) has an air vent (4b) com- 
municating the hollow portion (4d) with the internal 
space of the housing (2, 7). 

12. A blood pressure gauge having the flow control 
45 valve according to claim 1 provided as air exhaust 

means (36). 

13. A flow control valve, comprising: a housing (2, 7) 
having a gas inflow port (1 a) and a gas outflow port 

50 (1b) communicating with the gas Inflow port (la) 
through an internal space; a moving member (4) ar- 
ranged inside the housing (2, 7) movably toward 
and away from said gas inflow port (la); an open/ 
close member (3) arranged on a portion of the mov- 

55 ing member (4) opposite to the gas Inflow port (1 a) 
such that the movement of the moving member (4) 
opens/closes said gas inflow port (1a); and a mag- 
netic coil (6a, 6b, 6c) and a pemrtanent magnet (5a, 
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5b) arranged within the housing (2, 7) to move the 
moving member (4), the moving member (4) being 
made to move with an electromagnetic force gen- 
erated by said magnet coil (6a, 6b, 6c) and said per- 
manent magnet (5a, 5b) such that the gas Inflow s 
port (1a) is opened/closed by the open/close mem- 
ber (3) to control an air flow rate, 

characterized in that a fixed shaft (1 2) is pro- 
vided to guide said moving member (4) only in di- 
rections to open/close the gas Inflow port (la). io 

14. The flow control valve according to claim 13, where- 
in said moving member (4) is hollow, and said fixed 
shaft (12) Is passed through the hollow portion (4d) 

of said moving member (4). is 

15. The flow control valve according to claim 13, where- 
in said fixed shaft (12) is fomried integrally with the 
magnet coil (6a, 6b, 6c). 

20 

1 6. The flow control valve according to claim 1 4, where- 
in said moving member (4) has an air vent (4b) com- 
municating the hollow portion (4d) with the internal 
space of the housing (2, 7). 

25 

17. A blood pressure gauge having the flow control 
valve according to claim 1 3 provided as air exhaust 
means (36). 



Amended claims under Art. 19.1 PCX 

1. (Amended) A flow control valve, comprising: a 
housing (2, 7) having a gas inflow port (1 a) and a 
gas outflow port (lb) communicating with the gas 35 
inflow port (1 a) through an internal space; a moving 
member (4) arranged inside the housing (2, 7) mov- 
ably toward and away from said gas inflow port (1 a); 
an open/close member (3) an-anged on a portion of 
the moving member (4) opposite to the gas Inflow 40 
port (1a) such that the movement of the moving 
member (4) opens/closes said gas inflow port (1 a); 
and a magnetic coll (6a, 6b, 6c) and a permanent 
magnet (5a. 5b) arranged within the housing (2, 7) 
to move the moving member (4), the moving mem- 45 
ber (4) being made to move with an electromagnetic 
force generated by said magnet coil (6a. 6b, 6c) and 
said permanent magnet (5a, 5b) such that the gas 
inflow port (1 a) is opened/closed by the open/close 
member (3) to control an air flow rate, so 

characterized in that at least one of either 
one of said magnet coii (6a, 6b, 6c) and said per- 
manent magnet (5a, 5b) and a plurality of the. other 
are used, and, in the case where a plurality of said 
permanent magnets (5a, 5b) are used, the perma- ss 
nent magnets are arranged such that the same 
poles confront each other, and in the case where 
aplurality of said magnet colls (6a, 6b, 6c) are used, 



winding directions of the respective magnet coils 
(6a, 6b, 6c) are set to change the directions in which 
cun-ent flows through the respective magnetic coils 
(6a, 6b, 6c) such that the moving member (4) re- 
ceives a combined force of the electromagnetic 
forces generated by the respective magnet colls 
{6a, 6b, 6c) and the at least one pemianent magnet 
(5a, 5b) in a direction along which the moving mem- 
ber moves, so that the electromagnetic forces gen- 
erated by the respective magnet colls (6a, 6b, 6c) 
and the at least one permanent magnet (5a, 5b) are 
combined to be used as a thmst of the moving mem- 
ber (4), a fixed shaft (12) is provided to guide said 
moving member (4) only in directions to open/close 
the gas Inflow port (1 a), and, with said moving mem- 
ber (4) being hoKow, said fixed shaft (1 2) is passed 
through the hollow portion (4d) of the moving mem- 
ber (4). 

2. The flow control valve according to claim 1, 
wherein when a plurality of said pemnanent mag- 
nets (5a, 6b) are used, a yoke (22a) made of a mag- 
netic substance is placed between the penrianent 
magnets (5a, 5b). 

3. The flow control valve according to claim 2, 
wherein said yoke (22a) has end surfaces protrud- 
ing outward from opposing surfaces of said perma- 
nent magnets (5a, 5b). 

4. The flow control valve according to claim 2, 
wherein said permanent magnets (5a, 5b) and said 
yoke (22a) are arranged and attached in series to 
the moving member (4), and move together with the 
moving member (4). 

5. The flow control valve according to claim 1, 
wherein said moving member (4) is in a cylindrical 
shape and said magnet coil (6a, 6b, 6c) and said 
pennanent magnet (5a, 5b) are each in a ring 
shape, and the ring-shaped pemnanent magnet (5a, 
5b) is attached to an outer circumferential surface 
of the cylindrical moving member (4) and the ring- 
shaped magnet coil (6a, 6b, 6c) is arranged outside 
the permanent magnet (5a, 5b) so that the moving 
member (4), magnet coil (6a, 6b, 6c) and perma- 
nent magnet (5a, 5b) are positioned concentrically. 

6. The flow control valve according to claim 4, 
wherein elastic bodies (21 a, 21 b, 21 c, 21 d, 21 e) are 
arranged opposite to outer end surfaces of the per- 
manent magnets (5a, 5b) located at both outer ends 
of said permanent magnets (5a, 5b) arranged and 
attached in series. 

7- The flow control valve according to claim 6, 
wherein said elastic body (21a, 21 b. 21c, 21 d, 21 e) 
has a readily deformable projection on one or each 
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end surface thereof. 

8. (Cancelled) 

9. (Cancelled) 5 

10. (Amended) The flow control valve according to 
claim 1, wherein said fixed shaft (12) is fomied in- . 
tegraliy with the magnet coil (6a, 6b, 6c), 

10 

1 1 . (Amended) The flow control valve according to . 
claim 1 , wherein said moving member (4) has an air 
vent (4b) communicating the hollow poition (4d) 
with the Internal space of the housing (2. 7). 

15 

12. A blood pressure gauge having the flow control 
valve according to claim 1 provided as air exhaust 
means (36). 

13. (Amended) A flow control valve, comprising: a so 
housing (2, 7) having a gas inflow port (1 a) and a 
gas outflow port (lb) communicating with the gas 
inflow port (1 a) through an internal space; a moving 
member (4) arranged inside the housing (2, 7) mov- 
ably toward and away from said gas inflow port (1 a); 25 
an open/close member (3) arranged on a portion of 

the moving member (4) opposite to the gas inflow 
port {1a) such that the movement of the moving 
member (4) opens/closes said gas inflow port (1 a); 
and a magnetic coil (6a, 6b, 6c) and a permanent 30 
magnet (5a, 5b) arranged within the housing (2, 7) 
to move the moving member (4), the moving mem- 
ber (4) being made to move with an electromagnetic 
force generated by acid magnet coil (6a. 6b, 6c) and 
said permanent magnet (5a, 5b) such that the gas 55 
inflow port (1 a) is opened/closed by the open/close 
member (3) to control an air flow rate, 

characterized in that a fixed shaft (1 2) Is pro- 
vided to guide said, moving member (4) only in di- 
rections to open/close the gas inflow port (1a), and, 40 
with said moving member (4) being hollow, said 
fixed shaft (1 2) is passed through the hollow portion 
(4d) of the moving member (4). 

14. (Cancelled) ^ 

15. The flow control valve according to claim 13, 
wherein said fixed shaft (12) Is formed integrally 
with the magnet coil (6a, 6b, 6c). 



16. (Amended) The flow control valve according to 
claim 13, wherein said moving member (4) has an 
air vent (4b) communicating the hollow portion (4d) 
with the internal space of the housing (2, 7). 

17. A blood pressure gauge having the flow control 
valve according, to claim 13 provided as air exhaust 
means (36). 



50 



55 



12 



EP 1 298 371 A1 




4 



BNSOOCID: <EP 1298371 A1_l_> 



13 



EP 1 298 371 A1 



FIG.3A 



22a 5b 




RG.3B 



5a 22a 5b 



S N 



N S 



<t>A 



0A+O.2 



UIHJUUUIU W- ILSUUI inij_j 



14 



EP 1 298 371 A1 




EP 1 298 371 A1 




16 

□IIDDBDIDI IDI IIDIII irilZD 



EP 1 298 371 A1 



FIG.6A 



30a 



^40 



^1 
N 



5a 



FIG.6B 



30b 




FIG.6C 



30c 



0 



N 



N 



5a 



EP 1 298 371 A1 



nG.7A 



40 



30d 




N 



1^ 



5b 



<8) 



F1G.7B 



6a 6b 6c 




30 




S 



® 

5a 40 5b 



FIG.8A 



FIG.8B 





18 

■nil I nil iir_^iiiiiririja'a 



EP1 298 371 A1 




19 



EP 1 298 371 A1 



FIG. 1 0A 



1b- 



Z Da oD z^a DC z^D Qa zzc oe 




^7e 



21a 5a 40 



5b 23 Sc 5d 





FIG.10B 



6a 6b I 6c 6d 6e 




20 



EP 1 298 371 A1 



FIG.11A 



6a 1^0 22a 24 




FIG.1 1 B 



30 






1298371 A1J_> 



21 



EP 1 298 371 A1 



FIG. 12 



50 



VALVE LOAD (gf) 25 



0 




24 






NUMBER OF COILS 


1 


1 


2 


3 


NUMBER OF 
PERMANENT MAGNETS 


1 


2 


1 


2 



FIG.l 3 



31 
J- 



CPU 



32 



PUMP 

DRIVING 

CIRCUIT 



34 



PRESSURE 
SENSOR 



35 

_L_ 



GRADUAL 

EXHAUST 

VALVE 

CONTROL 

CIRCUIT 



33 



PUMP 



36 



GRADUAL 
EXHAUST 
VALVE 



CUFF 



38 



— 37 



UllUUUUlU- VL\ ICDDDI IHIJJ 



22 



EP 1 298 371 A1 




23 

BNSDOCID: <EP 1 298371 A1_L> 



EP 1 298 371 A1 




EP 1 298 371 A1 



INTEEtNATION AL SEARCH REPORT 



latematioml appIicadoaNo. 

PCT/JPOl/05290 



A. CLASSmCATTON OF SUBJECT MATTER 
Int.Cl"' F16K31/06 

According to Ictarnationftl Pateat dasaification (IPC) or to both national classificatiofiand IPC 



B. HELPS SEARCHED 

Mtniniam documentation searched (classificatton system followed by classification symbols) 
Int. CI' F16K31/06-31/11, H01P7/ 06-7/18 , H02Ka3/16 



Documentation searched other dian minimum documentation to the extent that such docomeots are inchided in the fields searched 
Jits\iyo Shinan Kdho 1940-1996 Toroku Jitsuyo Shinan Kbho 1994-2001 

Kokal Jitsuyo Shinsn Koho 1971-2001 Jitsuyo Shinan Toroku Kbho 1996-2001 

Electroaic data base coosuUed duting the interoadooal search (name of data base and, where practicabls, search tenns used) 



C DOCUMENTS CONSIDERED TO BE RELEVANT 



CaiBgoiy* 



Citation of document, with indicatian, where appropdate, of the ralevact passages 



Relevant to claim No. 



JP 6-47008 A (Poster Electric Co. 
22 February, 1994 (22.02.94), 
Pull text; Pigs. 1 to 5 
( Paunily : none ) 



Ltd . , et al . ) , 



Y 

y 



iTP 10-196832 A (Aisln AW Co.. Ltd.), 
31 iJUly, 1998 (31.07.98), 

Full text; Figs. 1 to 8 

& DB 19757714 A & US 5947155 A 

JP 11-248025 A (Honda Motor Co., Ltd.), 
14 September, 1999 (14. OS. 99), 
Full text; Figs. 1 to 16 . 
(Family: none) 

JP 7-274468 A (TDK Corporation) , 
20 October, 1995 (20.10.95) « 
Full text; Figs. 1 to 6 
(Family: none) 



1-8,10,12,13, 
15,17 



1-8,10,12,13, 
15,17 



1-8.10,12,13, 
15,17 



1^ Further documents are listed in the contimiatiQn of Box C Q See patent &nnly annex. 



■A- 



docamoitdeflm^g flie gn«nl state of Am tit which la not 
eonsidcKd Id bo of par ti cula r rdsvanco 
"E* eaito (TowmifTit but publbhed on or after tt>e mteregtional fUmg 

"L" document which may throw doubts on priority dahnCs) or which is 
cited to e^Niih the publication date of another cttsnozi of otocr 
spoclal reeson (u speoiOed) 

*Xr document rv&mng to an oral diaelosura,aa^exhjlNtioo or other 



'V* document published prior to the InieniatloBa] filing date tnit later 
dian the priority dote elsUooed 



*r later docuzneal published afier the intenational filiog date or 
priority dale ud soc in conflict with the application but cited to 
uoderstend the principle or dxeory undfirtying the loYcniion 

"X" document of particular rdrvancai the olaimed iaTention camiat be 
considereil oovel or cBimot be ecnndexed to invcdve aa inveathne 
step when tiie doGuanent is takai alone 

"Y* document of putioalar retevancc; fbc dainxd ievBstiaD coanot be 
consideced to involre an tnvenlfve step wtien the doc iu ne m li 
contbioed with one or more otho such dociuxKati, such 
eothUnatioii beta^g obvious to e pmoo skiDed in the art 

V document manberoTfte same pateat femily 



Date of the acttial oonqiletiGn of the international searefa 
17 August, 2001 (17.08.01) 


Date of mailing of the intematfooD] seardi rqioit 
28 August, 2001 (28.08.01) 


Name and mai]in£ address of the ISA/ 

Japanese Patent Office 

Facsimile No. 


AuttiGrized ofBoer 
Telephone No. 



Form VCT/ISA/21Q (seoond sheet) (July 1992) 



BNSDOCID: <EP 1298371 A1J_> 



25 



EP 1 298 371 A1 



dtternahonal search report 



International appIicadonNo. 

PCT/JPO 1/052 90 



C (Oontmualion). IXX3UMENTS CONSIDERED TO BE REIBVANT 



Caiegoiy* 



Cit&tian of document, with indication, wiieie appropnole, of the rdcTant passages 



Relevant to cJaim No. 



JP 6-31S255 A (TDK Corporation), 
08 November, 1994 <08.11.94], 
Fall text; Pigs. 1 t:o 10 
& BP 580117 A & as 5434549 A 

JP 25968S7 Y2 (TDK Corporation), 
21 June, 1999 (21.06.99), 
Full text; Figs. 1 to 15 
(Family: none) 

JP 2595510 Y2 (TDK Corporation) , 
31 May, 1999 (31-05.99), 
Pull text; Pigs. 1 bo 14 
(Family: none) 

US 3504320 A (Jean Engdalil, et al.), 
31 March, 1970 (31.03.70), 
Pull text; Pigs, i to 2 

& DB 1808900 A & NI. 6816502 A 

& CH 485207 A & GB 1252913 A 

6 PR 1604569 A 

JP 9-172478 A (Kyocera Corporation), 
30 June, 1997 (30.06.97), 
Full text; Figs. 1 to 3 
(Family: none) 

JP 63-50012 B2 (Asulab AGJ , 

06 Octiober, 1988 (06.10.88), 

Pull text; Pigs. 1 to 3 

& US 4459991 A & DE 3014199 A 

& GB 2069707 A 6 PR 2475880 A 

& CH 644260 A & Vi 1135507 B 



1-8,10,12,13, 
15,17 



1-8,10,12,13, 
15,17 



1-8,10,12,13, 
15,17 



1-17 



1-17 



FonnPCT/lSA/210 (contuiva,1xQn of second sheet) (July 1992) 



UUUUUUIU ILI lEDDOl IIIUU 



26 



